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(57) ABSTRACT

A secondary battery includes an electrode assembly includ-
ing a first electrode plate, a second electrode plate and a
separator interposed therebetween; and a battery case in
which the electrode assembly is accommodated. The first
electrode plate is composed of a first coated portion having a
first active material coated on a first substrate and a first
non-coated portion. The second electrode plate is composed
of a second coated portion having a second active material
coated ona second substrate and a second non-coated portion.
In the secondary battery, the section of a boundary portion
between the first or second coated portion and the first or
second non-coated portion is inclined.

5 Claims, 4 Drawing Sheets
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SECONDARY BATTERY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of U.S.
Provisional Application No. 61/608,506, filed on Mar. 8,
2012, the entire content of which is incorporated herein by
reference.

BACKGROUND

1. Field

An aspect of the present disclosure relates to an electrode
assembly and a secondary battery including the electrode
assembly, and more particularly, to a secondary battery hav-
ing improved safety and reliability.

2. Description of the Related Technology

In general, secondary batteries are batteries capable of
being repeatedly charged and discharged. With the develop-
ment of electricity, as well as of electronic, communication
and computer industries, demands on secondary batteries
have recently been increased as power sources of portable
devices. Studies on secondary batteries have been conducted
in many fields so as to improve performance and safety
according to the type and quantity of the secondary batteries
used.

Requirements of small-sized and high-capacity secondary
batteries are increased. Particularly, the safety of the high-
capacity secondary batteries may be problematic. When the
high-capacity secondary batteries are used as power sources
of external electronic devices, the secondary batteries may
cause a risk due to the synergy effect ofthe electronic devices.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

Embodiments provide a secondary battery having
improved safety using a new method of manufacturing the
secondary battery. Embodiments also provide a secondary
battery having improved process efficiency by simplifying a
method of manufacturing the secondary battery.

According to an aspect of the present invention, there is
provided a secondary battery including: an electrode assem-
bly including a first electrode plate composed of a first coated
portion having a first active material coated on a first substrate
and a first non-coated portion, a second electrode plate com-
posed of a second coated portion having a second active
material coated on a second substrate and a second non-
coated portion, and a separator interposed between the first
and second electrode plates; and a battery case accommodat-
ing the electrode assembly, wherein a section of at least one of
the first boundary portion and the second boundary portion is
inclined from the first or second coated portion to the first
non-coated portion when viewed in a direction perpendicular
to the first or second electrode plate.

The first and second boundary portions may each include a
waveform.

A fixing material may be provided on the first and second
boundary portions.

The fixing material may be provided to cover the boundary
portion in the waveform.

The first boundary portion may include a sequential stack-
ing of the first active material and the fixing material, and the
second boundary portion may include a sequential stacking of
the second active material and the fixing material.

The first and second boundary portions may be formed of
one or more layers in a laminate type.

10

25

30

35

40

45

50

55

65

2

The the first boundary portion may include a sequential
stacking of the first active material, a mixed layer and the
fixing material, and the second boundary portion may include
a sequential stacking of the second active material, a mixed
layer and the fixing material.

The mixed layer may include a mixture of the fixing mate-
rial and one of the first or the second active material.

The fixing material may include at least one of polypropy-
lene, polyethylene terephthalate, polyethylene naphthalate
and polyimide.

As described above, according to the present invention, it is
possible to provide a secondary battery having improved
safety using a new method of manufacturing the secondary
battery.

Further, it is possible to provide a secondary battery having
improved process efficiency by simplifying a method of
manufacturing the secondary battery.

According to an aspect of the present invention, a method
of manufacturing an electrode plate includes applying, using
a coater, an active material on at least a portion of a surface of
an electrode plate, thereby defining a coated portion and an
uncoated portion on the surface of the electrode plate,
wherein the coated portion is separated from the uncoated
portion by a boundary region on the electrode plate; applying,
using the coater and without removing the electrode plate
from the coater, a fixing material on the boundary region on
the electrode plate; and where the coater comprises a first tank
connected to a first slot, and a second tank connected to a
second slot, wherein the active material is inserted into the
first tank in a slurry state, and the fixing material is inserted
into the second tank in a melted state.

The applying of the active material and the applying of the
fixing material may be performed intermittently on a sub-
strate, and the method may further include slitting the sub-
strate into individual electrode plates.

A diameter of the first slot may be greater than a diameter
of the second slot.

The first slot and the second slot may be spaced apart by a
predetermined interval.

The first slot and the second slot of the coater may be
configured to be independently controlled.

Applying, using the coater, the fixing material on the
boundary region may include applying the fixing material
after the applied active material in the slurry state is dried.

The method may further include applying, using the coater,
a mixed material on the boundary region.

The mixed material may include a mixture of the active
material and the fixing material.

Applying, using the coater, the mixed material on the
boundary region may include applying the fixing material
while the active material is still in the slurry state.

According to an aspect of the present invention, a method
of manufacturing a secondary battery includes: providing a
battery case; manufacturing an electrode assembly compris-
ing: manufacturing a positive electrode plate using the
method described above, where a section of the boundary
region is inclined from the coated portion to the uncoated
portion when viewed in a direction perpendicular to the posi-
tive electrode plate; manufacturing a negative electrode plate
using the method described above, where a section of the
boundary region is inclined from the coated portion to the
uncoated portion when viewed in a direction perpendicular to
the negative electrode plate; and providing a separator inter-
posed between the positive and negative electrode plates.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded perspective view of a secondary
battery according to an embodiment of the present invention.
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FIG. 2 is an exploded perspective view of an electrode
assembly of FIG. 1.

FIG. 3 is a sectional view taken along line A-A of a first
electrode plate shown in FIG. 2.

FIG. 4 is a view schematically showing a coater for coating
a first or second electrode plate shown in FIG. 2.

FIG. 5 is a plan view showing a first electrode plate manu-
factured by the coater of FIG. 4.

FIG. 6is a sectional view of a first electrode plate according
to another embodiment of the present invention.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE ASPECTS

In the following detailed description, only certain embodi-
ments of the present invention have been shown and
described, simply by way of illustration. As those skilled in
the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention. Accordingly, the
drawings and description are to be regarded as illustrative in
nature and not restrictive. In addition, when an element is
referred to as being “on” another element, it can be directly on
the other element or be indirectly on the other element with
one or more intervening elements interposed therebetween.
Also, when an element is referred to as being “connected to”
another element, it can be directly connected to the other
element or be indirectly connected to the other element with
one or more intervening elements interposed therebetween.
Hereinafter, like reference numerals generally refer to like
elements.

FIG. 1 is an exploded perspective view of a secondary
battery according to an embodiment of the present invention.
FIG. 2 is an exploded perspective view of an electrode assem-
bly of FIG. 1.

Referring to FIGS. 1 and 2, the secondary battery 10
includes an electrode assembly 100 composed of a first elec-
trode plate 110, a second electrode plate 120 and a separator
130 and a battery case 20 in which the electrode assembly 100
is accommodated. The first electrode plate 110 is composed
of a first coated portion 111 having a first active material
coated on a first substrate 110qa and a first non-coated portion
112 not having the first active material coated on the first
substrate 110a. The second electrode plate 120 faces the first
electrode plate 110, and is composed of a second coated
portion 121 having a second active material coated on a
second substrate 120a and a second non-coated portion 122
not having the second active material coated on the second
substrate 120a. The separator 130 is interposed between the
first and second electrode plates 110 and 120. A boundary
section between one of the first or second coated portion 111
or 121, and the respective first or second non-coated portion
112 or 122, may be inclined, as described below.

The electrode assembly 100 may be manufactured by
winding or stacking the first electrode plate 110, the second
electrode plate 120 and the separator 130 interposed therebe-
tween. The secondary battery 10 is manufactured by accom-
modating the electrode assembly 100 and an electrolyte in the
battery case 20.

The first electrode plate 110 may be composed of the first
coated portion 111 formed by coating the first active material
on the first substrate 110qa and the first non-coated portion 112
where the first substrate 110a is exposed. For example, the
first electrode plate 110 may be a positive electrode plate, and
the first active material may be made of a positive electrode
active material containing lithium.
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The second electrode plate 120 may be composed of the
second coated portion 121 formed by coating the second
active material on the second substrate 1204 and the second
non-coated portion 122 where the second substrate 1204 is
exposed. For example, the second electrode plate 120 may be
anegative electrode plate, and the second active material may
be made of a negative electrode active material containing
carbon.

The first or second substrate 110a or 1204 acts as a current
collector, and may include a thin-film metal. First and second
electrode tabs 30 and 40 may be provided to the respective
first and second non-coating portions 112 and 122 of the first
and second electrode plates 110 and 120 through welding,
etc. The first and second electrode plates 110 and 120 gener-
ate the flow of current or electrons through a reaction with the
electrolyte, and the current and electrons are transferred to the
outside of the electrode assembly 100 through the first and
second electrode tabs 30 and 40.

The electrolyte may be provided to facilitate the movement
of current or electric charges between the first and second
electrode plates 110 and 120. The electrolyte may include a
lithium salt acting as a supply source of lithium ions, and a
non-aqueous organic solvent acting as a medium through
which ions participating in an electrochemical reaction can
move.

The battery case 20 may include a main body 21 having a
space 21a a provided therein, and a cover 22. The electrode
assembly 100 and the electrolyte are accommodated in the
main body 21 of the battery case 20, and the main body 21 is
sealed with the cover 22 so as to prevent the electrode assem-
bly 100 and the electrolyte from coming off from the battery
case 20. The main body 21 is stably sealed by the cover 22 by
thermally bonding edges of the main body 21 and the cover
22. The first and second electrode tabs 30 and 40 may be
provided to protrude to the outside of the battery case 20, and
tab films 32 and 42 provided to the first and second electrode
tabs 30 and 40 are mounted on portions of the battery case 20
to be thermally bonded, respectively. Although the battery
case 20 has been illustrated as a pouch-type battery case in
this embodiment, the present invention is not limited thereto.
Various battery cases such as prism-type and cylinder-type
battery cases may be used as the battery case 20.

FIG. 3 is a sectional view taken along line A-A of the first
electrode plate shown in FIG. 2.

Referring to FIG. 3, a first or second boundary portion 113
is formed between the first or second coated portion 111 or
121 and the first or second non-coated portion 112 or 122, and
a fixing material 150 may be formed on the first or second
boundary portion 113. At least one portion of the boundary
portion between the one of the first or second coated portion
111 or 121, and the corresponding first or second non-coated
portion 112 or 122 may be inclined and include a waveform,
and the fixing material 150 may be provided to cover the
boundary portion.

The first or second boundary portion 113 may be provided
in a laminate type by sequentially stacking the first or second
active material and the fixing material 150 on the first or
second substrate 110a or 120a. The first or second boundary
portion 113 may be formed of one or more layers. For
example, the fixing material 150 may include one or more of
polypropylene, polyethylene terephthalate, polyethylene
naphthalate and polyimide.

Hereinafter, the first boundary portion 113 between the
first coating portion 111 and the first non-coated portion 112
in the first electrode plate 110 will be described for conve-
nience of illustration. Features for the first coating portion
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111, the first non-coated portion 112 and the fixing material
150 can be similarly applied to the second electrode plate 120.

FIG. 4 is a view schematically showing a coater for coating
the first or second electrode plate shown in FIG. 2. FIG. 5 is a
plan view showing a first electrode plate manufactured by the
coater of FIG. 4.

Referring to FIGS. 4 and 5, the first electrode plate 110 may
be manufactured by coating a first active material formed in a
slurry state on a first substrate using a coater 50 and then
slitting the first substrate. For example, the coater 50 may
include a pair of rolls 51 and 52 providing the first substrate,
first and second tanks 53 and 54, and a complex slot die 55
connected to the first and second tanks 53 and 54 so as to
directly face the first substrate. The coater 50 may further
include a back-up roll (not shown) provided between the pair
ofrolls 51 and 52. In this case, the back-up roll is provided to
contact a bottom surface opposite to the surface of the first
substrate, on which the first active material is coated, thereby
supporting the first substrate. A first active material 53¢ in a
slurry state is provided in the first tank 53, and a fixing
material 150 in a melted state is provided in the second tank
54. The first active material 53« in the slurry state and the
fixing material 150 in the melted state are transferred to the
complex slot die 55 through a connection pipe, etc.

The complex slot die 55 includes a first slot 55a and a
second slot 5556, and the first and second slots 554 and 554
may be provided to be spaced apart from each other at a
predetermined interval. For example, the first active material
53a is discharged to the first slot 554, and the fixing material
150 is discharged to the second slot 5556. The diameter of the
first slot 554 may be provided to be greater than that of the
second slot 555.

The complex slot die 55 is provided adjacent on the first
substrate, and the first active material 534 or the fixing mate-
rial 150 is coated while the first substrate advances in a first
direction d. In this case, the first and second slots 55a and 555
can be controlled to be individually opened/closed. Thus, the
discharge amount or discharge position of the first active
material 53a or the fixing material 150 can be freely con-
trolled in the complex slot die 55.

The first active material 53a is intermittently coated on the
first substrate, and the first electrode plate 110 is composed of
the first coated portion 111 having the first active material 53a
coated on the first substrate and the first non-coated portion
112 not having the first active material 53a coated on the first
substrate. The first boundary portion 113 that is a boundary
portion between the first coated portion 111 and the first
non-coated portion 112 may be provided to have a waveform.
For example, since the first active material 534 is in a slurry
state having high viscosity before being dried, the first bound-
ary portion 113 that a portion at which the coating of the first
active material 534 is started or ended has a waveform due to
the attraction of the first active material 53q, caused by the
viscosity between the first active material 53a and the first
substrate and the interval between the first slot 554 and the
first substrate. The fixing material 150 discharged through the
second slot 556 may be coated to cover the first boundary
portion 113.

The first electrode plate 110 before a slitting operation S is
performed is schematically shown in FIG. 5. The first elec-
trode plate 110 is manufactured by intermittently coating the
first active material 534 on the wide sheet-shaped first sub-
strate and performing the slitting operation S of the first
substrate several times.

The first active material provided at the first boundary
portion in the first coated portion may be easily separated
from the first electrode plate.
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The first active material which is separated may contact the
second electrode plate having a different polarity from the
first electrode plate. Therefore, a short circuit, or the like may
be caused, or the performance of the secondary battery may
be degraded due to the contamination of the electrolyte. In
embodiments of the secondary battery, the fixing material 150
is provided on the first boundary portion 113. The fixing
material 150 is provided after the first active material 53a in
the slurry state is dried. Thus, the fixing material 150 can
prevent the separation of the first active material 53a by fixing
the first active material 534 at the first boundary portion 113.
The fixing material 150 may be provided to cover the first
boundary portion 113 after the first active material 53q is
dried. In this case, the section of the first boundary portion
113 may be inclined so that the inclination of the section of
the first boundary portion 113 increases as the section of the
first boundary portion 113 approaches from the first non-
coated portion 112 to the first coating layer 111.

Hereinafter, another embodiment of the present invention
will be described with reference to FIG. 6. Contents described
in this embodiment, except the following contents, are similar
to those described in the embodiment shown in FIGS. 1to 5,
and therefore, their detailed descriptions will be omitted.

FIG. 61s asectional view of a first electrode plate according
to another embodiment of the present invention. Referring to
FIG. 6, the first electrode plate 210 may be composed of a first
coating layer having a first active material coated on a first
substrate 210qa and a first non-coated portion 212 not having
the first active material coated on the first substrate 210a. A
first boundary portion 213 may be provided between the first
coating layer 211 and the first non-coated portion 212. The
first active material and a fixing material 250 may be sequen-
tially stacked in a laminate type on the first boundary portion
213. A mixed layer 260 may be further provided between the
first active material and the fixing material 250. The mixed
layer 260 may be made of a mixture of the first active material
and the fixing material 250. The first active material, the
mixed layer 260 and the fixing material 250 are sequentially
stacked in the laminate type on the first substrate 210a. The
section of the stacked structure may be provided to be
inclined.

When the first electrode plate 210 is manufactured using a
coater, the first active material in a slurry state and the melted
fixing material 250 may be coated through consecutive pro-
cesses. In a case in which the fixing material 250 is coated on
the first boundary portion 213 before the first active material
is completely dried, the mixed layer 260 may be provided
beneath the fixing material 250. For example, the mixed layer
260 may be formed by allowing a portion of the melted fixing
material 250 to be flowed into the surface of the first active
material of which portion exists in the slurry state. The mixed
layer 260 may be formed in the state in which the fixing
material 250 and the first active material are mixed. In this
case, the fixing material 250 formed by drying only the
melted fixing material 250 is provided on the mixed layer 260,
and the section of the first boundary portion 213 may be
provided to be inclined.

While the present invention has been described in connec-
tion with certain embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of'the appended claims, and equivalents thereof.

What is claimed is:
1. A secondary battery including:
an electrode assembly including:
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a first electrode plate composed of a first coated portion
having a first active material coated on a first substrate
and a first non-coated portion, wherein the first coated
portion and the first non-coated portion are separated
by a first boundary portion,

a second electrode plate composed of a second coated
portion having a second active material coated on a
second substrate and a second non-coated portion,
wherein the second coated portion and the second
non-coated portion are separated by a second bound-
ary portion, and

a separator interposed between the first and second elec-
trode plates; and

a battery case accommodating the electrode assembly,

wherein a section of at least one of the first boundary
portion and the second boundary portion is inclined
from the first or second coated portion to the first non-
coated portion when viewed in a direction perpendicular
to the first or second electrode plate,

wherein the first boundary portion comprises a sequential
stacking of the first active material, a first mixed layer
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and a fixing material, and the second boundary portion
comprises a sequential stacking of the second active
material, a second mixed layer and the fixing material,
wherein the first mixed layer comprises a mixture of the
fixing material and the first active material, and wherein
the second mixed layer comprises a mixture of the fixing
material and the second active material.

2. The secondary battery of claim 1, wherein the first and
second boundary portions each include a waveform.

3. The secondary battery of claim 2, wherein the fixing
material is provided to cover the first and second boundary
portions formed in the respective waveforms.

4. The secondary battery of claim 3, the first and second
boundary portions are formed of one or more layers provided
in a laminate type.

5. The secondary battery of claim 1, wherein the fixing
material comprises at least one of polypropylene, polyethyl-
ene terephthalate, polyethylene naphthalate and polyimide.
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